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HYDRAULIC  MODEL  STUDIES 
OF  LITTLE  RIVER  GAGING  STATION  B 


By  Wendell  R.  Gwinn1 


SUMMARY 

Weirs  to  control  and  measure  low  flows  in 
Little  River  at  Gaging  Station  B  of  the  Southeast 
Watershed  Research  Center  were  designed  and 
models  tested  at  the  Water  Conservation  Struc- 
tures Laboratory,  Stillwater,  Okla.  The  weirs  are 
placed  immediately  downstream  of  the  two 
bridges  that  span  the  river  at  this  location. 
Model  studies  were  used  to  develop  a  stilling 
basin  which  would  protect  the  weirs  and  the 
bridges  from  scour.  The  head-discharge  rela- 
tionships were  also  determined  by  model  studies 
and  full-scale  tests  for  the  lowest  flows. 

INTRODUCTION 

Gaging  Station  B  lies  below  the  126-square- 
mile  drainage  area  of  the  Little  River  Watershed 
which  extends  approximately  20  mi  through 
Tift,  Turner,  and  Worth  Counties  in  Georgia.  It 
is  one  of  18  proposed  gaging  stations  on  the  river 
and  its  tributaries,  to  be  operated  by  the  South- 
east Watershed  Research  Center,  Agricultural 
Research  Service,  U.  S.  Department  of  Agricul- 
ture, Athens,  Ga.  Discharge  measurements  at 
these  gaging  stations  provide  the  streamflow 
data  to  characterize  the  hydrology  of  the  South- 
ern Coastal  Plains. 

The  gaging  station  site  consists  of  two  high- 
way bridges  which  control  the  large  flow  rates 
and  thus  provide  a  way  for  measuring  these 
rates.  Low  flows,  however,  require  a  more  sensi- 
tive control  than  the  bridge  openings  can  pro- 
vide to  measure  flow  rate  accurately.  Weirs 
placed  just  below  the  bridge  openings  were  pro- 
posed to  provide  such  control.  There  were  serious 
questions  about  the  effect  of  these  weirs  on  the 
capacity  and  the  stability  of  the  bridges.  There- 
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fore,  1:30  scale  model  tests  were  made  at  the 
ARS  Water  Conservation  Structures  Laboratory 
in  Stillwater  to  answer  these  questions  and  to 
develop  a  suitable  design.  The  1:30  scale  of  the 
complete  installation  was  used  to  calibrate  the 
gaging  station.  In  addition  to  Station  B  model 
tests,  full-scale  tests  were  made  to  determine 
rating  coefficients  for  V-notch  and  horizontal 
weirs  of  the  crest  shape  used  in  these  gaging 
stations.  These  tests,  the  results,  and  recommen- 
dations are  presented  in  this  report. 

THE  GAGING  STATION  SITE 

Station  B  is  located  where  Tift  County  Road 
No.  S1981  crosses  the  main  stream  of  Little 
River,  approximately  4  mi  west  of  Tifton,  Ga. 
The  streamflow  is  discharged  beneath  two  con- 
crete-girder bridges  supported  by  steel  piles.  The 
west  bridge  opening  on  the  main  channel  is 
skewed  50°  49'  with  the  centeiiine  of  the  road 
and  is  204.7  ft  in  length.  The  east  relief  bridge 
opening  is  perpendicular  to  the  road  and  is  77  ft 
in  length.  Bents  comprised  of  four  1-ft-diameter 
steel  piles  are  used  to  support  each  26-  to  30-ft 
span.  The  channel  and  floodplain  areas  are  cov- 
ered with  a  heavy  growth  of  trees  and  under- 
brush except  for  the  road  right-of-way,  which  is 
cleared  on  each  side  of  the  county  road. 

THE  LOW-FLOW  CONTROL 

Weirs  located  downstream  of  the  bridges  were 
selected  for  the  low-flow  control.  This  placement 
of  the  control  allows  current  meter  measure- 
ments to  be  made  from  the  bridges  in  an  area  of 
relatively  undisturbed  flow  during  high-flow 
events. 

A  16-inch  broad-crested  V-notch  weir  3  ft 
deep  with  l-on-10  side  slopes  located  in  the 
center  of  the  opening  was  chosen  for  the  west 
bridge  opening.  This  type  of  weir  provides  sensi- 
tivity at  very  low  flows,  accuracy  over  a  broad 
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range  of  flows,  relative  economy  of  installation, 
and  freedom  from  maintenance.  Each  side  of  the 
V-notch  weir  is  flanked  by  a  horizontal  weir 
having  the  same  cross  section  as  the  V-notch  and 
extending  to  the  training  wall.  The  total  length 
of  this  weir  is  230  ft  including  the  V-notch.  A 
horizontal  weir,  without  a  V-notch,  was  placed 
downstream  of  the  east  bridge  opening.  Its  crest 
is  0.5  ft  higher  than  the  level  of  the  horizontal 
portion  of  the  west  weir  crest.  The  length  of  the 
east  weir  is  100  ft. 

Flow  distribution  data  from  U.S.  Geological 
Survey  Station  3180,  Little  River,  Adel,  Ga., 
indicate  that  approximately  70  %  of  the  average 
annual  flow  occurs  at  rates  less  than  530  ft3/s. 
This  is  the  capacity  of  the  V-notch  weir  at  a  3-ft 
head,  with  free  discharge.  Thus,  if  free  discharge 
can  be  provided  for  the  flow  through  the  V-notch 
weir,  70%  of  the  average  annual  flow  volume 
can  be  measured  with  an  overall  error  of  ±5  %  .2 

The  low  gradient  of  Little  River  at  Gaging 
Station  B  makes  it  difficult  and  impractical  to 
provide  an  overfall  of  sufficient  height  to  permit 
free  discharge  for  the  full  range  of  discharge 
rates  expected.  The  capability  to  measure  70% 
of  the  average  annual  flow  without  submergence 
seemed  practical  and  was  accepted  as  a  basis  for 
the  design  of  the  flow-measuring  station.  The 
lowest  elevation  above  the  stream  bed  at  which 
the  V-notch  could  be  placed  and  still  have  free 
overfall  when  flowing  at  capacity  needed  to  be 
determined.  This  required  an  estimate  of  the 
normal  depth  of  channel  flow  at  the  gaging  sta- 
tion site. 

Estimates  of  normal  flow  depth  are  usually 
made  by  water  surface  profile  computation.  This 
involves  applying  the  laws  of  hydraulics  to  the 
geometry  of  the  channel.  However,  the  river  had 
no  well-defined  channel  at  the  gaging  station 
site;  it  spread  over  the  marshy,  brush-  and  tree- 
covered  bottom  land.  So  direct  measurement  was 
used  to  obtain  the  water  surface  elevation  data. 
Temporary  staff  gages  were  placed  upstream 
and  downstream  of  the  west  bridge.  Flows  were 
measured  and  staff  gage  readings  were  made. 
The  relationship  between  flow  rate  and  water 
surface  elevation  was  determined.  From  this  in- 
formation and  from  knowledge  of  the  hydraulics 
of  V-notch  weirs,  the  minimum  elevation  for  the 

2  Herschy,  R.  W.  1969.  The  evaluation  of  errors  at  flow 
measurement  stations.  Water  Resources  Board  T.  N.  11. 
Reading  Bridge  House,  Reading,  Berkshire,  U.  K.  31  pp. 


V-notch  was  determined.  In  terms  of  the  arbi- 
trarily assigned  elevation  of  100  for  the  con- 
struction benchmark  on  the  curb  of  the  west 
bridge,  the  elevation  of  the  V-notch  is  88.0.  The 
crests  of  the  horizontal  weirs  at  the  west  bridge 
then  are  at  elevation  91.0.  The  crest  of  the 
horizontal  weir  at  the  east  bridge  is  at  elevation 
91.5. 

THE  MODEL 

A  10-  by  40-ft  test  basin  at  the  Water  Conser- 
vation Structures  Laboratory  was  used  for  the 
model  studies.  The  size  of  the  basin  limited  the 
length  scale  to  1:30.  Since  the  flow  over  a  weir 
is  controlled  by  the  force  of  gravity  on  a  free 
water  body,  similarity  of  model  and  prototype 
was  based  on  the  Froude  model  law.  The  model- 
prototype  relationships  are  shown  in  table  1. 


Table  1. — 1:30  model-prototype 
transfer  relationships  for  Lit- 
tle River  Gaging  Station  B 


Property 

Model  scale 

Length    

  1 

:30 

Area    

.  -  1 

•900 

Velocity  and  time  

_.     ...  1 

:5.48 

Discharge   

.      ...  1 

:4930 

Description  of  1:30  Model 

The  modeled  area  is  shown  in  figure  1.  It  in- 
cluded the  cleared  right-of-way  on  each  side  of 
the  road  90  ft  upstream  and  105  ft  downstream 
of  the  road  centerline,  and  1,035  ft  of  roadway 
(including  the  two  bridges) .  The  scaled-down 
width  of  the  approach  to  the  model  was  34.5  ft. 
Therefore,  the  model  had  to  be  oriented  90°  to 
the  normal  direction  of  flow  in  the  10-  by  40-ft 
basin.  The  model  of  the  bridges  was  built  of 
wood  to  scale  from  field  measurements.  Three 
6-inch-wide  concrete  cutoff  walls  were  used  to 
prevent  seepage.  These  are  shown  in  figure  2. 
The  bridges  were  supported  on  the  center  cutoff 
wall  and  the  other  two  walls  were  used  to  seal  the 
upstream  and  downstream  edges  of  the  model. 

The  topography  was  modeled  from  informa- 
tion furnished  by  the  Southeast  Watershed 
Research  Center.  The  fixed  field  topography  was 
set  to  grade  using  a  1-  to  2-inch  thickness  of  con- 
crete on  a  compacted  sand  bed.  The  channel 
downstream  of  each  weir  was  reserved  for  a 
movable  bed.  The  completed  model  without  the 
movable  bed  material  is  shown  in  figure  3. 
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Figure  2. — Model  construction  of  Gaging  Station  B, 
Little  River  Watershed  (technician  checking  the 
level  of  the  bridge) . 


Figure  3. — Completed  model  (except  for  movable  bed) 
of  Gaging  Station  B,  Little  River  Watershed  (tech- 
nician points  out  piezometer  gage  No.  4) . 


Brick-masonry  sand  was  used  for  the  movable 
bed.  Scour  of  the  movable  bed  material  was  used 
to  evaluate  the  stilling-basin  performance.  This 
material  was  leveled  under  water  to  elevation 
86  on  the  west  bridge  and  elevation  88  on  the  east 
bridge  prior  to  each  erosion  test.  Grain  diam- 
eters of  0.82,  0.47,  and  0.27  mm  were  measured 
by  sieve  analysis  for  the  84.1  % ,  50  % ,  and  15.9  % 
cumulative  weights,  respectively. 

Support  Equipment 

The  water  supply  for  the  model  forebay  was 
gravity  fed  through  a  12-inch  pipeline  from  Lake 
Carl  Blackwell.  Calibrated  sharp-edged  0.875-, 
1.5-,  2.5-,  4-,  6-,  and  8-inch-diameter  orifice 
plates  inserted  one  at  a  time  in  the  supply  line 
were  used  to  measure  the  flow  rate,  which  was 
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controlled  by  an  outlet  valve.  The  discharge  was 
determined  from  rating  tables,  using  the  differ- 
ential head  (measured  to  the  nearest  0.1  inch  of 
water)  across  the  orifice.  The  water  flowed  from 
the  forebay  under  pressure  through  a  1.5-  by 
2.0-ft  box  culvert  with  an  adjustable  orifice 
opening  at  the  top  along  the  wall  of  the  basin. 
This  orifice  opening  along  the  full  length  of  the 
approach  to  the  model  was  adjusted  to  produce 
a  level  water  surface  between  gages  1,  2,  and  3 
(fig.  1)  with  a  free  design  prototype  discharge 
of  18,000  ft3/s  (estimated  500-yr  return  period) . 
A  floating  wave  suppressor  and  baffles  were 
used  in  the  2-ft  approach  between  the  orifice 
opening  along  the  Avail  and  the  model. 

The  outflow  from  the  model  was  through  an 
adjustable  opening  along  the  basin  wall  into  a 
1.5-  by  1.5-ft  box  culvert,  which  had  a  12-inch 
valve  mounted  in  the  downstream  end  to  control 
the  tailwater  level.  The  outlet  opening  was 
adjusted  to  maintain  a  level  water  surface  be- 
tween tailwater  gages  6  and  8  (fig.  1)  for  the 
design  flow  of  18,000  ft3/s  (prototype) . 

Water  level  recorders  were  installed  in  stilling 
wells  in  the  forebay  and  in  the  tailwater  area. 
These  were  used  as  visual  indicators  of  steadv 
flow  in  the  model.  The  heads  (nearest  0.001  ft) 
were  measured  in  eight  point  gage  wells 
mounted  on  the  basin  wall.  These  wells  were 
connected  with  a  0.25-inch  pipe  to  each  of  the 
gages  shown  in  figure  1. 

STILLING-BASIN  TESTS 

A  major  objective  of  this  study  was  to  deter- 
mine the  protective  works  needed  to  prevent 
damaging  scour  below  the  weir,  scour  that  could 
also  threaten  the  stability  of  the  bridge.  An 
apron  with  an  end  sill  to  create  a  shallow  stilling 
basin  and  floor  blocks  to  aid  in  energy  dissipa- 
tion on  the  apron  were  selected  to  provide  the 
needed  protection.  Preliminary  tests  were  run 
on  floor-block  and  end-sill  configurations  to  find 
a  satisfactory  arrangement.  An  arrangement 
that  showed  promise  in  the  preliminary  tests 
was  subjected  to  more  intensive  testing  to  make 
certain  that  it  would  be  satisfactory  for  the  full 
range  of  flow  conditions  in  the  field.  The  final 
design  which  evolved  from  these  tests  is  shown 
in  figure  4.  Only  the  tests  on  the  final  design 
are  reported. 

The  protective  works  chosen  consist  of  aprons 
extending  10  ft  outward  for  the  full  length  of 
the  weirs.  The  elevations  of  the  aprons  are  at 


the  average  natural  ground  elevations  below  the 
bridges,  88.0  and  86.0  ft  for  the  east  and  west 
bridges,  respectively.  Floor  blocks  downstream 
of  the  V-notch  portion  of  the  weir  are  9-inch 
cubes.  Their  arrangement  is  shown  in  figure  4. 
A  6-inch-high  flip  sill  at  the  end  of  the  apron 
extends  for  the  full  width  of  the  apron  except  for 
the  3-ft  openings  at  each  end  which  provide  for 
drainage  of  the  basin. 

The  training  walls  for  the  prototype  are  to 
be  constructed  of  MP-115  steel  sheet  piling. 
They  will  be  placed  perpendicular  to  the  road- 
way up  to  the  weir  and  flared  at  45°  to  the  end 
of  the  apron,  as  shown  in  figure  4.  Each  succeed- 
ing pile  in  the  flared  section  is  reduced  1  ft  in 
height  in  the  downstream  direction  (fig.  5). 
These  details  were  carefully  reproduced  in  the 
model,  including  the  configuration  of  the  sheet 
piling. 

Test  Procedure 

Before  each  test,  the  movable  bed  was  filled 
and  leveled  to  the  elevation  of  each  apron.  The 
tailwater  regulating  valve  was  closed  and  water 
was  added  slowly  to  both  downstream  and  fore- 
bay  sides  of  the  model  to  completely  submerge 
the  weirs.  The  test  discharge  was  set  and  the 
tailwater  was  lowered  rapidly  to  a  predeter- 
mined level.  The  bed  was  allowed  to  erode  for 
approximately  20  min  (110  min  prototype). 
Water  surface  elevations,  discharge  measure- 
ments and  photographs  were  obtained  near  the 
end  of  the  test.  At  the  end  of  each  test  the  tail- 
water  valve  and  the  inflow  valve  were  closed 
simultaneously.  The  water  was  then  drained 
slowly  from  the  forebay  and  tailwater  areas  of 
the  model.  Photographs  were  taken  and  con- 
tours of  the  erosion  pattern  below  each  weir 
were  recorded  after  each  test. 

Test  Results 

The  stilling  basin  was  tested  over  the  range  of 
discharge  rates  and  tailwater  conditions  that 
are  expected  to  occur  in  the  field.  The  criteria 
for  judging  the  performance  of  the  stilling  basin 
are  the  location,  depth,  and  extent  of  erosion  in 
the  downstream  channel.  The  depth  and  extent 
of  erosion  in  the  model  are  indicators  of  the  ero- 
sion to  be  expected  in  the  prototype,  but  not 
necessarily  of  its  actual  depth.  However,  the 
model  test  results  provide  a  means  for  compar- 
ing various  basins  for  performance  and  also 
indicate  the  probable  effectiveness  of  a  basin. 
The  erosion  tests  are  summarized  in  table  2. 
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—  Elevation  =  99 


Various  depths  of  water  in  the  stilling  basin 
were  employed  in  the  tests  to  determine  the 
effect  of  this  variable  on  the  erosion.  These 
depths  are  reported  in  the  results  as  a  submerg- 
ence ratio  T/H,  where  T  is  the  average  water 
surface  elevation  at  downstream  gages  6,  7,  and 
8,  minus  88.0  (V-notch  zero)  and  H  is  the  aver- 
age water  surface  elevation  at  upstream  gages 
1, 2,  and  3,  minus  88.0. 

The  scour  pattern  for  a  discharge  of  152  ft3/s 
is  shown  in  figure  6.  This  test  was  run  with  a 
free  outfall,  the  tailwater  being  established  by 
the  depth  of  flow  over  the  sand  bed.  Maximum 
scour  of  3.9  ft  occurred  7  ft  downstream  of  the 


end  sill.  The  material  removed  formed  an  almost 
symmetrical  delta  downstream  of  the  hole.  The 
scour  near  the  end  sill  was  minor,  with  the  maxi- 
mum depth  at  1.5  ft. 

The  flow  was  contained  within  the  l-in-10  V- 
notch  weir  for  a  discharge  of  300  ft3/s.  The  scour 
pattern  for  a  submergence  ratio  of  12.3  'Vc  (fig. 
7)  was  narrow,  with  a  maximum  depth  of  1.8  ft 
occurring  10  ft  downstream  of  the  end  sill.  The 
scour  near  the  end  sill  was  almost  zero.  Increas- 
ing the  submergence  ratio  to  48.47c  (fig-  8) 
reduced  the  area  of  scour.  However,  the  maxi- 
mum depth  remained  about  the  same  or  1.7  ft. 

A  further  increase  in  the  submergence  ratio 
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WEST   BRIDGE  Figure  7. — Scour  pattern  after  110  min  with  a  flow  of 

300  ft3/ s  and  submergence  ratio  of  12.3  % . 
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Table  2. — Summary  of  stilling -basin  tests 


o  u  Uillcl 

Discharge 

ence 

raum 

Scour 

Figure 

Q,ftVs 

ratio 

scour 

time,  min 

No. 

T/H,  % 

depth, ft 

152 

3.9 

126 

6 

300 

12.3 

1.8 

110 

7 

300 

48.4 

1.7 

110 

8 

300 

69.6 

0.95 

110 

9 

1000 

9.0 

4.6 

110 

10 

997 

52.0 

2.3 

110 

11 

1005 

69.6 

2.6 

115 

12 

4006 

34.0 

4.7 

115 

13,  14 

4010 

62.7 

3.95 

110 

15,  16 

4008 

82.1 

2.8 

110 

17,  18 

8010 

69.7 

^8.27 

110 

19,  20 

8015 

78.6 

4.0 

120 

21,  22 

8010 

84.4 

5.2 

115 

23,  24 

1  Bottom  limit  of  the  basin. 


to  69.6  resulted  in  a  maximum  scour  depth  of 
only  0.95  ft  for  a  110  min  run  (fig.  9) . 

The  next  tests  were  run  at  1,000  ft3/s.  At  this 
rate  all  of  the  flow  passed  through  the  west 
bridge  opening.  Though  some  of  this  flow  went 
over  the  horizontal  crest  weir,  scour  occurred 
only  below  the  V-notch  portion  of  the  weir  (fig. 
10). 

At  a  submergence  ratio  of  9.0%  scour  took 
place  along  the  end  sill  at  some  places  to  a  depth 
of  1.5  ft.  The  maximum  depth  of  scour,  4.6  ft, 
occurred  20  ft  downstream  of  the  end  sill.  In- 
creasing the  submergence  ratio  to  52.0%  pro- 
duced a  different  pattern  of  scour  (fig.  11).  A 
single  scour  hole,  which  had  a  maximum  depth 
of  only  2.3  ft,  developed.  The  sand  bed  near  the 

|  
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end  sill  remained  unchanged  after  the  test.  The 
maximum  scour-hole  depth  for  the  69.6%  sub- 
mergence ratio  (fig.  12)  was  approximately  the 
same  as  the  scour  hole  for  the  52  %  submergence 
ratio.  However,  the  hole  was  closer  to  the  end  sill. 

With  total  flow  of  4,006  ft3/s,  approximately 
17%  of  the  total  flow  was  over  the  horizontal 
weir,  downstream  of  the  east  bridge.  The  re- 
maining 83  %  of  the  flow  was  over  the  V-notch 
and  horizontal  weirs  downstream  of  the  west 
bridge.  For  a  submergence  ratio  of  34.0%  (fig. 
13)  the  maximum  depth  of  scour  for  the  west 
bridge  was  4.7  ft  and  was  located  21  ft  down- 
stream of  the  end  sill.  Aggradation  occurred 
along  the  end  sill  of  the  west  bridge  weir  except 
at  the  west  end  where  0.95  ft  of  degradation 
occurred.  The  maximum  depth  of  scour  at  the 
east  bridge  weir  was  4.6  ft  and  was  located  8  ft 
downstream  of  the  end  sill  (see  fig.  14) .  Aggrad- 
ation occurred  along  each  end  of  the  east  bridge 
weir  sill.  Degradation  just  downstream  of  the 
end  sill  was  less  than  1  ft  along  the  center  portion 
of  the  sill. 

Increasing  the  submergence  ratio  to  62.7% 
reduced  the  maximum  scour  depth  from  4.7  ft  to 
3.95  ft  downstream  of  the  west  bridge  weir  (fig. 
15).  The  scour  was  almost  eliminated  down- 
stream of  the  east  bridge  weir  (fig.  16) . 

With  a  submergence  ratio  of  82.1  %  the  maxi- 
mum scour  depth  of  2.8  ft  occurred  near  the  west 
end  of  the  bridge  (fig.  17)  and  deposition  oc- 
curred on  the  apron.  Very  little  degradation  oc- 
curred downstream  of  the  east  bridge  (fig.  18). 

With  a  total  flow  of  8,010  ft3/s,  approximately 
78  %  of  the  flow  was  over  the  weir  of  the  west 
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Figure  9. — Scour  pattern  after  110  min  with  a  flow  of 
300  ft3/s  and  submergence  ratio  of  69.6%. 


8 


20     30     40     50  '  Figure  12. — Scour  pattern  after  115  min  with  a  dis- 

Scoi«  -  f»e»  charge  rate  of  1,005  ft3 /s  and  a  submergence  ratio  of 
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Figure  13. — Scour  pattern  for  the  west  bridge  after  115  min  with  a  total  discharge  rate  of  4,006  ftVs  and  a  submerg- 
ence ratio  of  34.0%. 
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Figure  14. — Scour  pattern  for  the  east  bridge  after  115 
min  with  a  total  discharge  rate  of  4,006  ftVs  and  a 
submergence  ratio  of  34.0  % . 


bridge  and  the  remainder  over  the  east  bridge 
weir.  For  a  submergence  ratio  of  69.7  %  the  flow 
beneath  the  west  bridge  scoured  the  erodible  bed 
to  the  bottom  limit  of  the  basin,  as  shown  by 
cross-hatching  in  figure  19.  The  maximum  scour 
near  the  end  sill  was  5.5  ft.  Degradation  down- 


stream of  the  east  bridge  was  minor  except  for 
the  east  end,  where  a  3.8-ft  depth  occurred  (fig. 
20). 

Increasing  the  submergence  to  78.6  %  reduced 
the  degradation  downstream  of  the  west  bridge 
(fig.  21)  to  a  maximum  depth  of  4.0  ft  near  the 
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Figure  15.— Scour  pattern  for  the  west  bridge  after  110  min  with  a  total  discharge  of  4,010  ft3/s  and  a  submergence 

ratio  of  62.7%. 
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Figure  16. — Scour  pattern  for  the  east  bridge  after  110 
min  with  a  total  discharge  of  4,010  ft-Vs  and  a  sub- 
mergence ratio  of  62.7%. 

west  end  of  the  weir.  Material  was  deposited  on 
the  apron  of  the  west  bridge  weir  by  return-flow 
circulation  under  the  nappe.  Degradation  down- 


stream  of  the  east  bridge  was  minor  with  a  maxi- 
mum depth  of  3.1  ft  occurring  near  the  east  end 
(fig.  22). 
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Increasing  the  submergence  ratio  to  84.4% 
reduced  the  scour  downstream  of  the  center  por- 
tion of  the  west  bridge  (fig.  23).  However,  the 


scour  was  increased  near  the  west  end  of  the 
weir.  Here,  as  at  the  east  end,  the  nappe  was 
plunging  into  the  basin  without  an  undular  jump 


Figure  17. — Scour  pattern  for  west  bridge  after  110  min  with  a  total  discharge  of  4,008  ft3/s  and  a  submergence  ratio 

of  82.1%. 


Figure  18. — Scour  pattern  for  east  bridge  after  110  min 
EAST  BRIDGE  with  a  total  discharge  of  4,008  ft3/s  and  a  submerg- 

ence ratio  of  82.1  % . 
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forming  (see  photograph  in  fig.  23) .  This  same  the  east  bridge  and  produced  the  maximum  scour 
plunging  nappe  occurred  in  the  stilling  basin  of      depths  at  the  ends  (fig.  24) . 
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Figure  19. — Scour  pattern  for  west  bridge  after  110  min  with  a  total  discharge  of  8,010  ft3/s  and  a  submergence  ratio 

of  69.7%. 


ratio  of  69.7%. 
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Figure  21. — Scour  pattern  for  west  bridge  after  120  min  with  a  total  discharge  of  8,015  ft3/s  and  submergence  ratio 

of  78.6%. 


ence  ratio  of  78.6%. 


14 


WEST  BRIDGE 


0       10     20      30     40  50 
Scale  -  feet 


EAST  BRIDGE 

Figure  24. — Scour  pattern  for  east  bridge  after  115  min 
with  a  total  discharge  of  8,010  ftVs  and  a  submerg- 
ence ratio  of  84.4  % . 
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Minimum  observed  scour  hole  elevations  in 
feet  for  the  west  bridge  are  plotted  for  all  tests 
in  figure  25.  Contours  of  equal  scour  hole  depths 
are  also  drawn  in  this  figure.  The  figure  shows 
that  scour  depth  increased  with  increasing  dis- 
charge and  decreased  with  increasing  submerg- 
ence. Except  for  the  test  at  8,010  ft3/s  and  a 
submergence  of  69.7  % ,  which  caused  a  scour 
depth  of  over  8  ft,  all  other  flows  caused  depths 
of  scour  less  than  5  ft.  However,  because  of  exist- 
ing downstream  vegetative  conditions,  the  ex- 
pected submergence  will  be  greater  than  85% 
for  a  discharge  rate  of  8,010  ft3/'s,  so  the  lack  of 
sufficient  sand  depth  in  the  model  at  a  submerg- 
ence of  only  69.7  %  for  8,010  ft3/s  is  not  a  matter 
for  concern.  This  combination  of  discharge  and 
submergence  lies  outside  the  probable  range  in 
the  field. 

HEAD-DISCHARGE  RATING 

Determination  of  the  head-discharge  rating 
was  the  second  objective  of  the  model  study.  It 
was  already  known  from  the  tailwater  studies 
and  the  stilling-basin  tests  that  the  weirs  would 
operate  as  submerged  weirs  for  many  of  the 
flows  and  the  rating  would  have  to  take  this  into 
account.  Therefore,  the  general  approach  was 
to  rate  the  weirs  for  free  discharge  and  for  vari- 


ous degrees  of  submergence.  The  free-flow  rat- 
ings will  be  described  first. 

Free-Flow  Rating 

The  usual  head  measuring  location  for  a 
broad-crested  weir  is  10  ft  upstream  of  the  weir. 
This  is  the  location  of  gages  4  and  5  (fig.  1). 
However,  since  the  bridges  could  exercise  con- 
trol at  the  higher  flows,  gages  1  and  2  were  se- 
lected for  the  headwater  measurement.  As  shown 
in  figure  1,  these  gages  are  located  on  each  side 
of  the  approach  to  the  west  bridge.  Headwater 
measurements  were  also  made  at  gages  4  and  5 
for  comparison  with  gages  1  and  2  and  for  anal- 
ysis of  head-discharge  relationships  for  the  weir 
alone. 

Surface-tension  effects  are  not  evaluated  with 
the  Froude  model  law.  Therefore,  low  flows  that 
are  affected  by  surface  tension  in  the  1:30 
model  cannot  be  used  for  a  rating.  Full-scale 
sections  of  the  weir  were  used  to  evaluate  dis- 
charge coefficients  for  these  flow  depths.  The 
results  of  the  tests  on  the  full-scale  sections  are 
found  in  Appendixes  A  and  B. 

For  the  free-flow  rating  the  tailwater  gate 
was  left  open  and  the  flow  was  controlled  by  the 
weirs  and  bridges.  The  following  equation  was 
used  in  the  analvsis  of  the  data: 
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Figure  25. — Maximum  scour  depths  in  feet  (after  approximately  110  min  of  flow)  occurring  downstream  of  the  west 

bridge  of  site  B  model. 


16 


Q=C [sL.tf,1 5  +  (tan  e/2)tf„"],  (1) 

where  Q  =total  discharge  (cubic  feet  per  sec- 
ond) , 

C  =discharge  coefficient  (feet  05  per 
second) , 

Lj  =individual  lengths  of  horizontal 

crest  (feet) , 
Hi  ^individual  head  above  horizontal 

crest  (feet) , 
G  =total  angle   (degrees)   of  the  V- 

notch  crest, 

and  Hr  =head  (ft)  above  the  V-notch,  meas- 
ured by  an  average  of  gages  1  and 
2  above  the  intercept  of  the  two 
crests. 

The  term  (tan  Q/2)HV2S  in  equation  1  is  the 
general  expression  for  free  surface  flow  through 
a  V-shaped  opening,  apex  down.  Its  derivation 
is  based  on  the  area  of  the  triangle  which  is  a 
function  of  the  head  and  the  slopes  of  the  sides. 
When  the  head  exceeds  the  depth  of  the  V-notch 
the  outer  ends  of  the  calculated  triangle  extend 
over  the  adjoining  horizontal  crests.  To  include 
the  full  length  of  the  horizontal  crests  in  the  first 
term  within  the  brackets  of  equation  1  would 
include  the  overlapped  portion  of  the  horizontal 
crests  twice  in  the  equation.  The  net  effect  of  do- 
ing this  would  be  the  introduction  of  more  varia- 
tion in  the  coefficient  C.  Therefore,  in  an  effort 
to  keep  C  more  nearly  constant  the  length  of  the 
horizontal  crest  on  each  side  of  the  V-notch  weir 
of  the  west  bridge  was  reduced  by  (tan  9/2) 
Hi/2.  This  correction  factor  is  equal  to  one-half 
the  length  of  the  part  of  the  horizontal  crest  over- 
lapped by  the  calculated  triangle.  The  correction 
factor  agrees  reasonably  well  with  an  analytical- 
ly derived  expression  and  is  much  easier  to  use. 

The  results  of  the  test  are  presented  in  figure 
26.  The  H,  values  were  obtained  from  an  average 
of  the  water  stage  elevation  at  gages  1  and  2. 
There  is  some  scatter  in  the  model  data  points 
with  H,  values  less  than  5  ft.  Some  of  this  is  due 
to  surface-tension  effects  present  for  the  low 
flows  (3.0<Fr<4.2)  over  the  long  horizontal 
weirs.  Water  surface  elevations  for  gages  4  and 
5  of  the  model  were  used  along  with  the  full-scale 
coefficients  (see  Appendixes  A  and  B)  to  com- 
pute the  discharge  in  this  range.  The  resulting 
computed  discharge  coefficients  for  H,.  measured 
at  gages  1  and  2  are  shown  as  solid  points  and 
dashed  lines  in  figure  26. 


Submergence  Rating 

The  data  for  the  submergence  rating  were  ob- 
tained at  the  same  time  the  stilling  basin  tests 
were  run.  Additional  data  were  necessary  to 
complete  the  full  range  of  submergence  for  each 
discharge  rate. 

An  average  of  the  water  surface  elevations  for 
gages  1  and  2  (fig.  1)  above  the  V-notch  zero 
(elevation  88.0)  was  used  for  the  head  Hv.  The 
tailwater  elevation  above  the  V-notch  zero  T  was 
obtained  from  an  average  of  gages  6,  7,  and  8 
(see  fig.  1).  Thus,  the  head  loss  for  the  bridges 
and  weirs  combined  is  measured  by  the  differ- 
ence in  the  average  water  level  of  gages  1  and  2 
and  the  average  water  level  of  gages  6,  7,  and  8. 
The  test  procedure  was  to  set  a  constant  flow  and 
starting  with  complete  submergence  or  a  high 
tailwater,  to  lower  the  tailwater  in  steps.  After 
each  decrease  the  Hv  and  T  elevations  were  al- 
lowed to  become  steady  before  readings  were 
recorded.  The  method  employed  to  analyze  the 
submergence  data  for  the  full  size  horizontal 
crest  weir  (Appendix  B)  was  used  to  analyze 
these  data.  The  results  are  presented  in  figure 
27. 

Two  relationships  are  evident  in  this  plot.  The 
lower  line  represents  the  flow  contained  wholly 
within  the  V-notch,  the  150  ft3/s  and  the  300 
ft3/s  flows  in  these  tests.  The  upper  line  repre- 
sents flows  which  were  over  both  the  horizontal 
and  the  V-notch  weirs.  The  two  empirical  curves 
shown  in  figure  27  were  obtained  using  the 
method  of  least  squares,  in  which  Y=logi0  (1- 
Q/Qf)  andX=log10  (eT/H). 

The  following  equation  was  obtained  for  flows 
within  the  V-notch  portion  of  the  weir: 

Q/QF=1_7.521X10-3  [>r/\]  ^9G,  (2) 

where  Q  =actual  discharge  (cubic  feet  per 
second)  for  submerged  flow, 

QF  =free  discharge  (cubic  feet  per  sec- 
ond) for  equivalent  head, 

e  =2.7183..., 

T  =tailwater  elevation  above  V-notch 
zero  (elevation  88.0) , 
and       #,.=head  (equal  to  or  less  than  3.0 
feet)  at  gages  1  and  2. 

The  following  equation  was  obtained  for  flows 
through  the  V-notch  and  over  the  horizontal 
crest  portions  of  the  weir: 

Q/QF=1-6.326X10-'  [e™,]0  395,  (3) 
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Figure  26. — Discharge  coefficients  for  free-flow  rating  of  Little  River  Gaging  Station  B. 


where  Hv=head  (greater  than  3.0  ft)  at  gages 
1  and  2  above  V-notch  zero  (eleva- 
tion 88.0). 

RESULTS 

The  stilling  basin  developed  in  the  model 
studies  for  the  weirs  is  a  level  apron  extending  10 
ft  out  from  the  weir  for  its  full  length  (fig.  4) .  A 
6-inch-high  end  sill  is  at  the  downstream  edge  of 
the  apron.  Cubical  blocks  are  placed  on  the  apron 
below  the  V-notch  portion  of  the  weir  at  the  main 
opening.  The  deepest  scour  observed  in  the  chan- 
nel downstream  from  the  v-notch  weir  was  gen- 
erally less  than  5  ft  for  the  range  of  discharges 
and  related  submergences  expected  in  the  field. 


The  low-flow  control  at  the  west  bridge  open- 
ing across  the  main  stream  is  a  l-on-10  V-notch, 
broad-crested  weir  3  ft  deep,  flanked  by  horizon- 
tal weirs  each  85  ft  long.  The  control  across  the 
overflow  opening  at  the  east  bridge  is  a  hori- 
zontal weir  set  0.5  ft  higher  than  the  horizontal 
weirs  at  the  main  stream.  Seventy  percent  of  the 
average  annual  flow  volume  will  be  contained 
wholly  within  the  V-notch.  Because  of  the  low 
stream  gradient  and  the  impracticability  of  rais- 
ing the  weirs,  high  tailwater  will  affect  weir  per- 
formance at  the  larger  flows.  Therefore,  sub- 
mergence ratings  were  developed. 

The  lengths  of  the  approach  and  exit  sections 
of  the  model  were  limited  and  there  was  the  pos- 


Q/QF=  1.0  -  6.326  xl0~5(eT/H)9-395 
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0.3  I  I  I  I  I  1  1  1  J  1 
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Figure  27. — Discharge-submergence  relationship  for  Little  River  Gaging  Station  B. 
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sibility  that  the  water  surface  elevations  in  the 
gage  wells  would  not  reproduce  exactly  the  field 
values  at  these  same  locations.  Therefore,  aver- 
ages of  water  surface  elevations  measurements 
at  two  points  upstream  of  the  bridges  and  three 
points  downstream  of  the  bridges  were  used  to 
determine  the  headwater  and  tailwater  levels 
respectively  in  the  model.  In  the  field,  if  the 
water  surface  elevations  in  the  gage  locations  is 
level  across  a  section  transverse  to  the  flow  and 


is  not  unduly  disturbed,  fewer  points  of  measure- 
ment can  be  used.  However,  a  minimum  of  two 
gage  locations  will  be  necessary  during  sub- 
merged conditions,  one  upstream  of  the  bridges 
and  one  downstream  of  the  weir,  preferably  at 
points  of  approximately  zero  velocity.  The  sub- 
mergence ratings  developed  in  this  report  should 
be  considered  preliminary  and  approximate.  Dis- 
charge ratings  should  be  obtained  in  the  field  as 
opportunities  occur  to  develop  a  reliable  sub- 
mergence rating. 


APPENDIX  A 


Full-Scale  Rating  for  the  16-Inch  l-on-10 
V-Notch  Weir 

A  full-scale,  concrete,  broad-crested  weir  was 
constructed  in  the  laboratory  basin.  (Its  design 
is  shown  in  figure  28.)  This  basin  is  the  same  one 
used  for  the  model  tests  and  has  a  capacity  of 
4  ft3/s.  Therefore,  the  head  on  the  V-notch  was 
limited  to  0.5  ft.  A  crib  baffle  around  the  12-inch 
water  supply  line  and  a  float  were  used  to  pro- 
duce a  symmetrical  and  undisturbed  flow. 

The  following  formula  was  used  to  analyze 
the  weir  tests: 

Q=C,(tan  e/2)H,r-5,  (4) 


where    Q  =discharge  (cubic  feet  per  second) , 
C\.=discharge  coefficient  (feet°-5/sec- 
ond) , 

e  =total  angle  (degrees)  of  the  V- 
notch  crest, 

and  Hv  =head  (ft)  above  the  V-notch,  meas- 
ured from  the  intercept  of  the  two 
crests. 

The  results  of  the  tests  for  free  outflow  are 
presented  in  figure  29  and  table  3.  The  equations 
for  Cv  were  obtained  using  the  method  of  least 
squares  and  the  log  i0  transform  of  Hv. 


APPENDIX  B 


Full-Scale  Rating  for  the  16-Inch 
Horizontal  Broad-Crested  Weir 

The  same  crests  used  in  the  full-scale  V-notch 
test  were  reset  in  the  basin  to  form  a  horizontal 
broad-crested  weir  8  ft  long  as  shown  in  figure 
30.  A  1-ft  offset  with  a  parabolic  approach  form 
was  used  at  each  end  of  the  weir  to  eliminate  end 
contraction  effects.  Another  weir  length,  4  ft, 
was  also  tested  with  a  parabolic  approach  to  de- 
termine if  end  contraction  effects  were  actually 
eliminated.  If  so,  the  data  would  represent  a  unit 
length  of  weir  and  could  be  used  to  evaluate  the 
discharge  for  low  flows  over  the  long,  horizontal 
weirs  of  Gaging  Station  B. 

These  data  were  analyzed  using  the  following 
weir  formula: 

Q=CpLH15,  (5) 

where    Q  =discharge  (cubic  feet  per  second) , 
CF=discharge  coefficient  for  horizon- 
tal weir  (feet0  s/second) , 
L  =weir length  (feet), 

and       H  =head  above  crest  (feet) . 


The  coefficients  are  plotted  versus  head  in 
figure  31  for  free  outflow.  The  coefficient  values 
for  a  given  head  are  approximately  the  same  for 
either  the  8.005-ft-  or  the  3.950-ft-long  weir. 
Therefore,  end  contraction  effects  had  been 
eliminated.  The  equations  in  figure  31  were  ob- 
tained by  the  method  of  least  squares.  The  data 
show  a  definite  change  in  the  equation  at  heads 
near  0.2  ft  and  0.03  ft.  These  same  indications  of 
changes  may  be  seen  in  figure  29  for  the  V-notch 
tests. 

Submergence  of  Horizontal  Crest 

Submergence  tests  were  made  by  setting  a  con- 
stant flow,  increasing  the  tailwater  level  and 
measuring  the  tailwater  T  and  the  head  H  above 
the  crest.  The  locations  of  the  gages  are  shown 
in  figure  30.  After  each  increase  in  tailwater 
level  the  flow  was  allowed  to  become  steady  be- 
fore readings  were  recorded. 

The  ratio  of  tailwater  head  T  to  headwater 
head  H  was  calculated  for  each  submergence  test. 
Then  the  ratio  of  the  actual  discharge  during  the 
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submergence  test  to  the  free  outfall  discharge 
for  the  same  head  H  was  calculated.  The  rela- 
tionship between  corresponding  values  of  the 
two  ratios,  T/H  and  Q/QF,  is  shown  in  figure  32. 
For  ratios  of  T/H  of  less  than  0.6  the  ratio  Q/QF 


was  unity,  i.e.,  the  upstream  head  H  was  unaf- 
fected by  tailwater  when  T  was  less  than  0.6H. 
Plotting  indicated  two  relationships,  one  for 
heads  less  than  0.29  ft  and  another  for  heads 
equal  to  or  greater  than  0.29  ft. 
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Figure  28. — Full-scale  model  of  16-inch  broad-crested  V-notch  weir  in  laboratory  basin. 
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The  two  empirical  curves  shown  in  figure  32      obtained  for  the  8.005-ft  weir  length  and 
were  obtained  by  applying  the  method  of  least      charges  of  2.0, 1.0,  and  0.5  ft3 /s: 
squares  to  the  transforms  Y=log10  (1 — Q/Qf) 

and  X=log„,  (eT/") .  The  following  equation  was                  Q/QF=1— 7.464X10  7  (eT/H) 14, 
0.60  i  1  1  1  1  1  1  1  1  1  1  1 
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Figure  29. — Discharge  coefficients  for  16-inch  broad-crested  l-in-10  V-notch  weir. 
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Figure  30. — Arrangement  of  the  experiment  for  the  low-flow  calibration  of  horizontal,  broad-crested  weirs. 


where  Q  =actual  discharge  (cubic  feet  per 
second)  for  submerged  flow, 

QF=free  discharge  (cubic  feet  per  sec- 
ond) for  equivalent  head, 

e  =2.7183..., 

T  =tailwater  elevation  above  crest 
(feet), 

and       H  =head  (less than 0.29 ft). 

The  following  equation  was  obtained  for  flows 
with  head  values  of  0.29  ft  and  larger: 

Q/QF=l-5.549xl0fi(eT/w),213)  (7) 
where    tf>0.29  ft. 


The  equation  of  discharge  for  submerged 
flows  over  horizontal,  16-in.  broad-crested  weirs 
for  upstream  heads  H  equal  to  or  greater  than 
0.29  ft  can  be  obtained  by  substituting  for  QF  in 
equation  the  equivalent  for  Q  from  equation  5, 
and  the  appropriate  value  for  C?  from  figure  31. 
The  resulting  equation  is: 

Q=  (3.471+0.5675  log10#)L#15 

[l-5.549xl0G(eT/")1213]  (8) 

Similar  equations  can  be  written  for  heads  less 
than  0.29  ft  by  using  the  appropriate  values  for 
CF  from  figure  31.  The  results  of  all  tests  are 
shown  in  table  4. 
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Table  3. — Summary  of  data ,  16-inch  broad-crested  l-on-10V-notch  weir 


TEST  DISCHARGE 
NO. 


1 

2.263 

2 

3  .975 

3 

4.  072 

4 

3  .617 

5 

3.209 

6 

2 .  938 

7 

2.627 

a 

2.  153 

9 

2  •  006 

1  0 

1  .796 

1 1 

1 .601 

1  2 

1.387 

1  i 

1.240 

14 

1.097 

1  5 

0  .999 

1  6 

0.  92  7 

1  7 

0  .658 

l  a 

0.790 

1  9 

0.  705 

20 

0  .641 

2  1 

0.580 

22 

0.519 

23 

0  .470 

24 

0.  420 

25 

0.  344 

26 

0  .361 

2  7 

0.  338 

2  8 

0  .299 

29 

0.259 

30 

0.  226 

3  i 

0  . 200 

32 

0.  164 

33 

0.  12b 

3^+ 

0.115 

3  5 

0.  101 

3o 

0.065 

3  7 

0  .070 

38 

0.  059 

39 

0  .050 

40 

0  .044 

41 

0.  041 

42 

0  .036 

43 

0.  03  2 

0.026 

45 

0  .025 

4o 

0.  022 

47 

0  .0  18 

40 

0.015 

49 

0.01-0 

50 

0  .007 

51 

0.  003 

52 

0.001 

10  FEET  JP  STREAM 
H  C 


0.385 

2.  41 

0  .479 

2  .46 

0.  483 

2.  47 

0.461 

2.  46 

0  .441 

2  .44 

0.  426 

2.  43 

0.408 

2.42 

0.377 

2  .41 

r\     t  s  -7 

0  •  3  6  i 

2.41 

0.352 

2  .40 

0.336 

2.40 

0.318 

2.  39 

0.304 

2  .39 

0.  290 

2.  38 

0  .  280 

2.36 

0.272 

2.36 

0.264 

2.  35 

0  .255 

2  .36 

0 . 243 

2.36 

0  •  235 

2.  35 

0  .227 

2  .32 

0.217 

2.  32 

0.209 

2.31 

0.200 

2.31 

0. 185 

2.30 

0.188 

2  .31 

0.183 

2.  32 

0.175 

2.  29 

0  .16£> 

2  . 28 

0.157 

2.  26 

0  •  150 

2  .  26 

0.139 

2.24 

0.126 

2.22 

0.121 

2.22 

0.115 

2  .20 

0.106 

2.  18 

0  .100 

2  .17 

0.  094 

2.14 

0.  088 

2.  11 

0.084 

2 .  13 

0.  081 

2.  20 

0  .078 

2.11 

0.074 

2.10 

0.071 

2.  06 

0  .067 

2  .07 

0.  0o4 

2.13 

0.060 

2.04 

0.055 

2.03 

0.  048 

2.  01 

0.041 

1.96 

0.031 

1  .57 

0.021 

1.56 

20  FEET  UP  STREAM 

H  C 


0.  385 

2.41 

0.479 

2.46 

0.483 

2  .47 

0.461 

2.46 

0  .440 

2.45 

0.426 

2.43 

0  .408 

2.  42 

0  .377 

2.41 

0.  367 

2.  41 

0 . 352 

2.40 

0  •  336 

2.40 

0.  318 

2.3  9 

0  .304 

2.39 

0.2  90 

2.36 

0.  2  80 

2.  36 

0  .272 

2  .36 

0.  264 

2.  35 

0.2  55 

2.36 
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2  .3  8 
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2.35 

0  .227 

2.32 

0.217 

2  .32 
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2  .30 
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2.  30 
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2  .32 

0.  1  75 
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0  .1  57 
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2.22 
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2.22 

0  .1 15 

2  .20 
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2.  17 
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2.14 
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2.  1 1 

0  .0  84 

2.13 

0.081 

2  .20 

0.  078 

2.  1 1 
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2.  06 
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0  .064 
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Figure  31. — Discharge  coefficients  (CF )  for  horizontal,  broad-crested  weirs. 
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Table  4. — Summary  of  data,  16-inch  horizontal,  broad-crested  weir 


Tt  ST     CREST      DISCHARGE  TAILWATtk 
Nti.      LENbTH  T 


13    FEET  JPSTREAM 
H  C 


20  FEET  UPSTREAM 
H  C 


1 

o.  005 

2  .054 

2 

8.005 

1  .  793 

3 

e.005 

1  .551 

4 

6.  005 

1  .336 

5 

6.  005 

1.  150 

o 

6  .005 

0  .989 

7 

6.  005 

2.193 

o 

6  .005 

3.908 

9 

8  .005 

3  .573 

1C 

6.  005 

3.  2^7 

11 

d  .005 

2.  856 

12 

6.  005 

2  .564 

13 

8.  005 

2.  3  76 

14 

8  .005 

2  .196 

15 

6.  005 

3  .056 

16 

8.005 

3.  963 

1  7 

6  .005 

0  .936 

16 

6.005 

0.  861 

19 

8.C05 

0.  774 

cO 

6.005 

0  .681 

21 

6.  005 

0.  578 

22 

8.005 

0.495 

23 

6.  005 

0.416 

<i4 

8.005 

0.  385 

25 

o  .005 

0  .361 

26 

6.  005 

0.  334 

27 

8.005 

0.304 

2b 

6.  005 

0  .273 

29 

8.005 

0.239 

30 

8.005 

0.211 

31 

8.  005 

0  .164 

32 

8.005 

0.155 

33 

8.005 

0  .129 

34 

6.  005 

0.118 

35 

8.005 

0.  109 

36 

6.005 

0  .093 

37 

8.005 

0.  076 

3fi 

6.005 

0.063 

39 

6.  005 

0.051 

4C 

8.005 

0.  C44 

4i 

8.005 

0.041 

42 

6.005 

0.033 

43 

6. 005 

0  .0  26 

44 

8.005 

0.  020 

45 

8.005 

0.014 

46 

8.  005 

0.03& 

47 

8.005 

0.031 

46 

6  .005 

4  .479 

49 

8.  005 

4.230 

50 

8.005 

3.  943 

51 

8.005 

2  .00  1 

51 

8.005 

1.  999 

0.273 


0  .190 
0.174 
0.  159 
0  .144 
0.  131 
0.  116 
0  .199 
0.  267 
0.272 
0  .257 
0.236 
0  .221 
0.210 
0.  199 
0  .247 
0.290 
0.115 
0.109 
0.  101 
0  .09  3 
0.083 
0.075 
0  .068 
0.  064 
0.061 
0.058 
0.  055 
0  .051 
0.047 
0.  044 
0  .0  40 
0.  03  6 
0.032 
0  .030 
0.  02  9 
0.026 
0.024 
0.021 
D  .0  18 
0.017 
0.016 
0.  014 
0.012 
0.011 
0.009 
0  .0  15 
0.014 
0.  314 
0  .302 
0.  289 

U.  IOC 

0.286 


3.10 

3  .08 

3.07 

3.04 

3.04 

3.  03 

3  .09 

3.18 

3.15 

3  .12 

3. 12 

3.09 

3.08 

3.  08 

3.12 

3.17 

3.01 

3  .00 

3.00 

2.99 

2.99 

2.  99 

2.97 

2.96 

2.98 

2.97 

2.97 

2.95 

2.94 

2.  89 

2.91 

2.86 

2.  86 

2  .85 

2.80 

2.75 

2  .70 

2.67 

2.56 

2.52 

2  .51 

2.38 

2.39 

2  .25 

2.  10 
2.43 
2.40 

3.  18 

3  .18 
3.16 
3.07 
1  .64 


0.  189 
0  .174 
0. 158 
0.144 
0  .130 
0.118 
0  .19  8 
0.286 
0.271 
0  .256 
0.23  5 
0.  220 
0  .210 
0.199 
0  .246 
0  .269 
0.  114 
0  .108 
0. 101 
0.093 
0  .083 
0.  075 
0.068 
0  .064 
0.  06  1 
0  .058 
0.055 
0.051 
0  .047 
0.  044 
0.040 
0.03o 
0.032 
0  .0  30 
0  .029 
0.026 
0  .323 
0.021 
0.018 
0  .017 
0  .0  16 
0.014 
0.012 
0.011 
0.  009 
0.015 
0.014 
0.313 
0  .30  2 
0.289 
0.  187 
0  .285 


3.  11 
3.09 
3.08 
3.06 
3.06 
3.  04 
3.  11 
3.19 
3.  16 
3.13 
3.13 
3.  10 
3.09 
3.09 
3.  13 
3.18 
3.  03 
3.02 
3.01 
2.  99 
3.00 
2.99 
2.97 
2.96 
2.98 
2.97 
2.97 
2.  95 
2.94 
2.90 
2.90 
2.88 
2.  86 
2.83 
2.80 
2.  75 
2.72 
2.67 
2.  58 
2.52 
2.51 
2.38 

2.  42 
2.28 
2.14 
2.43 
2.40 
3.20 
3.18 
3.17 

3.  08 
1.64 
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Table  4. — Summary  of  data,  16-inch  horizontal,  broad-crested  weir — Continued 


TE  ST 

CREST 

□I SCHARGE 

T A  I  1  rt  AT  FR 

10  FEET 

UPSTR  EAM 

23  FEET 

NO  . 

1  EN  GT  H 

J 

H 

c 

H 

5  1 

8  .004 

2  •  003 

0  .  5o9 

0.  572 

0.  58 

0.  5  72 

51 

8.  005 

2  .003 

0  .1  03 

0  . 189 

3.0  5 

0.188 

51 

8.  005 

2.  002 

0.  078 

0.188 

3.06 

0.188 

51 

8  .005 

2  .003 

0.048 

0.  188 

3.  06 

0.  1  88 

51 

8.  005 

1  .996 

0.128 

0.189 

3  .Os 

0.189 

5  1 

8.005 

2.002 

0.  150 

0.  194 

2.94 

0.1  94 

51 

8  .005 

2  .000 

0  .172 

0.201 
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0.287 

3.17 

0.287 

54 

8.005 

3  .900 
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2.42 
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Tarle  4. — Summary  of  data,  16-inch  horizontal,  broad-crested  weir — Continued 
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89 
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2.  93 

9C 
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0.  142 

0.054 

2  .88 
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2.89 

9  1 

3.949 
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0.049 

2.99 

0.  049 

2.99 

92 
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93 
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2.95 

0  .044 
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Table  4. — Summary  of  data,  16-inch  horizontal,  broad-crested  weir — Continued 
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APPENDIX  C 

Summary  of  1:30  Model  Data 

HEADwATER   ELEVATION  TAILWATER   ELEVATION     V-NDTCH  HEAD 

TEST       w       OA Gt     OaGE     GAGE     GAGE  GAGE  GAGE     GAGE     GAGE       AV-GAGE  GAGE  SCOJR 
NO.                     12345              6781  AND   2       4  TIME 

1  17938   90.83    98.67   98.81   97.35  97.62  10.76  9.35 

2  19348   99.36   99.15   99.28   97.68  97.96  90.86  90.09   90.26        11.26  9.68 

3  lbt>22   96.40  98.23   98.34  97.03  97.27  10.32  9.03 

4  15331  97.94   97.79    97.89   96.70  96. 93  9.87  8.70 

5  13709   97.35    97  .21   97.30  96  .27  95.45  9.  28  8.  28 

6  12040   96.  71   96.  61    96.  67   95.79  95.94  8  .66  7.79 

7  4008  93.62    93.56   93.59   93.37  93.46  92.59  92.  59   92.59         5.60  5.38  110 

8  4010  93.46   93.42   93.45   93  .18  93.33  9  1.43  91.41   91.40  5.45  5.18  110 

9  4006   93.40   93. J6   93.  39  93.26  89.  86   89.82    89.81  5  .38  115 

10  4001   9o.63    98.60   98.60   98.51  98.55  98.49  98.49    96.48        10.62  10.51 

11  4007  96.08    96.05   96.85    96.75  96.78  96.69   96.69   96.70  3.87  8.76 

12  4006  96.19    96.  16  96.16  96.04  9o.  08  95.  95   95.95   95.95  8.  18  8.05 

13  4006   94.98   94.94   94.95   94.81  94.84  94.62  94.62   94.62  6.  96  6.  82 

14  4015   94.42   94.38   94.  39   94.^1  94.27  93.94   93.94   93.93  6  .40  6.22 

15  4002  9j.83  93.79  93.79  93.60  93.67  93.07  93.07   93.  07         5.  81  5.60 

16  4001   93.52   93.48   93.49  93  .24  93.39  92.32  92.32  92.31         5.51  5.25 

17  4001   9^.43   93.39   93.  40  93.  13  9^.31  91.  74  91.72   91  .71  5  .41  5.14 

18  3997   93.37   93.34  93.37  93.25  91.08  91.05   91.03  5.36 

19  4000  93.34   93.30  93.34  93.23  90.28  90.24   90  .22  5.33 

20  3995   93.34   93.28   93.31  93.22  5.32  4.99 

21  4327   93.45   93.43  93.46  93  .35  5.45 

22  4550  93.  5o  93.  52  93.  55  93.43  5  .56 
2i  3546  93.13   93.10  93.13  93.06  5.12 

24  3091    92.92    92.89  92.91  92.87  4.91 

25  ^758  92.74  92.71  92.74  92.71  4.73 
2o  2399  92  .56   92.53   92.56  92.  54  4.  55 

27  1994   92.35   92.32   92.35  92.34  4.34 

28  0015  95  . 4*:  95.  32   95.35  94.  9  6  93.  76  93.79   93.79         7.38  123 

29  oOiO  95.35   95.26  95.31  94.87  93.09  93.09   93.07         7.31  110 

30  6010  95.62  95.73   95.74  95.37  95.36  94.51   94.56   94.55         7.78  7.37  115 

31  O00  1  98.29   98.23  98.25  98.02  96.02  97.72  97.  77   97.  81       10.26  10.03 

32  3C01    97.21    97.15   97.17   96.91  96  .91  96  .48   96.52   96.58         9.19  8.92 

33  8010   9o.75   96.69   96.72    96.42  96.42  95.68  95.94   95.98  8.73  8.42 

34  8006  96  .25   96  .13  96.21  95.86  95.86  95.  17  95.22  95.26         8.22  7.87 

35  6010  95.73   95.65    95.70  95.29  95.29  94.35   94.41    94.41  7.70  7.29 

36  8010   95.43   95.35   95.  38   94.90  94.  96  93.64  93.67   93.67  7.39  6.91 

37  3015   95  .23   95  .17   95.20  94.69  94.81  92.76  92.79   92.78         7.  20  6.  70 

38  6010  95.  16  95.08  95.  13   94.57  94.72  92.21   92  .20  92  .20         7.13  6.58 

39  6010   95.11   95.05   95.06   94.51  94.69  91.  53  9  1.  45   91.56  7.  09  6.52 

40  8C15   95.10  95.02   95.05   94.50  94.68  90.89  90.79  90.89         7.07  6.50 

41  o020   95.09   95.02  95.05   94.48  94.  68  90.19  90.02   90.04         7.06  6.49 

42  10722   96.16   9b. 07   96.12  95.35  95.49  8.  12  7.  36 

43  9936  95.  8c  95.  75  95.  80  95.  11  95.26  7  .81  7.12 
*4  6972  95.46  95.38   95.43   94.80  94.  98                                                  7.43  6.80 

45  7069  94.72   94.66   94.69   94.20  94.41  6.70  6.20 

46  6251   94.39   94.33    94.37   93.93  94.14  6.37  5.93 

47  5422   94  .06    94.00   94.03  93.64  93.85  6.  04  5.64 

48  1796  92.34   92. Jl    92.32    92.19  92.32  4.33  4.19 

49  i65o  92.26  92.23  92.24  92.11  92.25  4.25  4.12 
^0  1507  92.17  92.14  92.  15  92.03  92.16                                               4.  16  4.03 
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HEAOwATcK  elevatijn         tailwater  elevation    v-notch  head 
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6  7  b         1   ANG  2       4  TIME 
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